INTRODUCTION
============

In 2010, Japanese citizens who were 80 years of age were expected to live on average an additional 12 years (for females) and 9 years (for males). Furthermore, that same year, 85-year-old women and men were likely to live an additional 8 and 6 years, respectively.^[@ref1])^ With rapid growth in the population of the elderly who have more than 5 years life expectancy, the number of cancer patients 80 years of age or older who should be offered life-prolonging radical surgeries has been increasing.

It is generally believed that surgical procedures considered standard treatment for a particular disease in younger individuals are sometimes inappropriate in elderly patients, especially those with co-morbidities; i.e., patients treated by surgery may recover from the disease itself but become so disabled that they are bedridden for the remainder of their lives.^[@ref2])^ Elderly patients often have multiple needs if they become disabled following surgery (e.g., social, psychological, and economic, in addition to rehabilitative and nursing), and medical and surgical problems affecting elderly patients cover multiple fields and require a coordinated treatment approach among the professionals involved. This is the reason why postoperative assessment of activities of daily living (ADL) is a very important additional measure for the successful outcome of surgical treatment for the elderly.

We previously reported that elected radical surgery for gastric and colorectal cancer can be performed safely in elderly patients 75 years of age or older.^[@ref3])^ In our study, only a few patients showed a protracted decline in ADL. Most, in fact, exhibited a better quality of life (QOL) after surgery.

The aim of this report is to demonstrate the outcome of elective radical surgery for gastric or colorectal cancer in patients 80 years of age or older, including the natural course of recovery to functional independence. This will be useful information for elderly cancer patients, their families, and their physicians in deciding whether or not to proceed with radical surgery. Favorable evidence and results may also help combat "ageism," a negative attitude toward surgery in elderly patients due only to their chronological age, which currently exists among patients, their families, and the medical community.^[@ref4],\ [@ref5])^

METHODS
=======

One hundred and eight patients, all 80 years of age or older, were selected from among the 232 eligible patients in our previous study,^[@ref3])^ all of whom had gastric or colorectal cancer and were 75 years of age or older. Patients in the previous study were referred to the surgical departments in 29 affiliated hospitals between June 2003 and September 2004, and were enrolled consecutively in the study. All patients underwent surgical resection of gastric or colorectal cancer in those hospitals.

Physical status, operative severity, morbidity, and mortality
-------------------------------------------------------------

The parameters examined were physical status, operative severity, and morbidity. They were measured by assessing the Physiological and Operative Severity Score for enUmeration of Mortality and Morbidity (POSSUM)^[@ref6])^ and the Estimation of Physical Ability and Surgical Stress (E-PASS) score.^[@ref7])^ The severity of each co-morbidity and postoperative complication was categorized from Grade 1 to Grade 4 using the National Cancer Institute-Common Toxicity Criteria (NCI-CTC) v2.0.^[@ref8])^ Postoperative complications of Grades 3 and 4 were defined as major complications. Outcomes in all patients as of April 1, 2005, 6 months after entry of the last patient into the study, were examined, and a mortality rate for the entire patient population was calculated.

Activities of daily living
--------------------------

Functional dependence in basic ADL was evaluated using the Katz Index.^[@ref9])^ The need for supervision, direction, personal assistance, or total care for any dependent function of the Katz Index was also recorded in order to assess minute declines or increments in patients' ADL.^[@ref10])^ In addition to the Katz Index, the following functions were also evaluated: ability to maintain a sitting position in bed (impossible, able to sit with Gatch support, able to sit without Gatch support); ability to sit down on a chair or stool from a standing position (bedridden, unable to sit down on a chair, able to sit down on a chair, able to sit on a chair or stool without back support); ability to maintain a standing posture (impossible, possible with both hands held, possible with one hand held, possible unassisted); and ability to walk on a level surface or, if unable to walk, to move in a wheelchair (impossible, able to use a wheelchair with help, able to propel a wheelchair independently, able to walk with help, able to walk independently).^[@ref3])^

Quality of life
---------------

QOL was evaluated using the SF-12 and EuroQoL 5-D (EQ5D). The SF-12 is a set of twelve generic, coherent, and easily administered QOL questions, the answers to which produce two summary measures of the patient's physical and mental aspects of health.^[@ref11])^ The EQ5D is a short, 5-item, patient-completed measure of health status in terms of mobility, self care, usual activities, pain or discomfort, and anxiety or depression; the values are then used to produce a combined single index score that ranges from --0.111 (worse than death) to 1.000 (perfect health).^[@ref12])^

Additional evaluations
----------------------

Additional evaluations included the Folstein Mini-Mental State Examination (MMSE).^[@ref13],[@ref14])^

Data collection
---------------

The participants' attending physicians made physical assessments and recorded operative severity using their operative records. Physical conditions and QOL were assessed at the time of admission to the surgical department, and 3 times postoperatively, at 1, 3, and 6 months, respectively. ADL evaluations were performed at the time of admission and 4 times postoperatively, at 7 to 10 days, and 1, 3, and 6 months, by a researcher at each institute who had taken a training course for this prospective study beforehand. In some cases, data collection at 1 month was replaced by data at the time of discharge ([Fig. 1](#fig1){ref-type="fig"}). When patients were referred to other hospitals postoperatively, their attending physicians at the new hospitals were interviewed by telephone. At the end of the study, we assessed the patients for interim health events that would potentially modify the course of recovery, such as fractures, other significant operations, and cerebrovascular accidents.

![Study design](2186-3326-74-0241-g001){#fig1}

Statistical analysis
--------------------

To identify the risk factors for a decline in ADL after surgery, the odds ratios for postoperative decline were calculated using a Generalized Estimating Equations (GEE) model.^[@ref15])^ To make a direct comparison between the odds ratios of surgical scores (POSSUM and E-PASS), these scores were transformed linearly, ranging from 0 (best score) to 10 (worst score) before inclusion into two separate GEE model calculations. In addition to the surgical scores, age, gender, cancer site (stomach or colorectum), pathological stage, and MMSE score were included. We then examined whether these variables correlated significantly with postoperative ADL decline. A --2 log-likelihood value for fitting the model with all the explanatory variables was separately calculated for the POSSUM and E-PASS GEE models, allowing us to compare their performance. The adjusted means of QOL scores were calculated preoperatively, and 1, 3, and 6 months after surgery using the MIXED procedure with the repeated statement. All statistical analyses were performed by SAS Version 9 software (SAS Institute, Cary, NC).

Ethical and humane considerations
---------------------------------

This study was approved by the institutional Review Board of the National Center for Geriatrics and Gerontology and all participating hospitals, and all participants gave their written informed consent.

RESULTS
=======

Patient recruitment and follow-up
---------------------------------

An outline of patient recruitment and follow-up is shown in [Figure 2](#fig2){ref-type="fig"}.
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Baseline characteristics
------------------------

The study population consisted of 54 men and 54 women. Their ages ranged from 80 to 92 years, with a mean of 83.7±3.2; 71 patients were 80 to 84 years of age and 37 patients were 85 years of age or older. The mean heights of the female and male patients were 144±5.9 and 159±7.1 cm, respectively. The Body Mass Index (BMI) values for the female and male patients were 21.3±3.2 and 21.0±3.8 kg/m^2^, respectively. There were 6 female and 4 male patients with BMI ≥ 25.0 kg/m^2^ (1 patient each with BMI ≥ 30 kg/m^2^). In the preoperative assessments, 82.0% of the patients scored A, B or C in the Katz index, and 76.0% of the patients scored 0 or 1 in their performance status. The MMSE scores of the patients were as follows: 25--30, 64.8% (68/105); 21--24, 22.0% (23/105); and ≤20, 13.3% (14/105). 35.2% (≤ 24 in the MMES scores) of the patients had presumptive evidence of cognitive problems or dementia. The baseline characteristics of the participants are shown in [Table 1](#table1){ref-type="table"}. There were 47 patients with gastric cancer and 61 patients with colorectal cancer. Their pathological cancer stages and operative procedures are summarized in [Table 2](#table2){ref-type="table"}.

###### 

Baseline characteristics of participants

  ---------------------------- ------------------------------------------------------
  Gender, n                    
  M/F                          54/54
  Age                          
  mean±SD (range), years       83.7±3.2 (80 -- 92)
  80--84/85 -- , n             71/37
  Height, mean±SD, cm          
  M/F                          159±7.1/144±5.9
  BMI, mean±SD, kg/m^2^        
  M/F                          21.0±3.8 /21.3±3.2
  ≧25.0 (≧30), M/F, n          4/6 (1/1)
  Katz Index ^a)^, no          
  A/B/C/D/E/F/G/Other          72/11/7/5/6/3/3/1
  Performance Status ^b)^, n   
  0/1/2/3/4                    44/38/16/9/1
  MMSE, n                      
  25--30/21--24/≦20            68/23/14
                               (Three patients were excluded from this examination)
  ---------------------------- ------------------------------------------------------

**a)** Katz Index ranks adequacy of performance in the six functions of *bathing*, *dressing*, *toileting*, *transferring*, *continence*, *and feeding*. A: Independent in feeding, continence, transferring, toileting, dressing, and bathing. B: Independent in all but one of those functions. C: Independent in all but bathing and one additional function. D: Independent in all but bathing, dressing and one additional function. E: Independent in all but bathing, dressing, toileting, and one additional function. F: Independent in all but bathing, dressing, toileting, transferring, and one additional function. G: Dependent in all six functions.

**b)** Performance status index defined by the Japanese Society for Cancer Therapy,^24)^ the same as defined by the Eastern Cooperative Oncology Group^25)^; 0: asymptomatic; 1: symptomatic but completely ambulatory; 2: symptomatic, \<50% in bed during the day,; 3: symptomatic, \>50% in bed, but not bedridden; 4: bedridden; 5: dead.

###### 

Stage and operation

                             Gastric cancer   Colorectal cancer
  -------------------------- ---------------- -------------------
  Stage                                       
  0                          0                0
  I                          24               8
  II                         6                20
  II                         14               29
  IV                         3                4
  Lymphadenectomy ^26,27)^                    
  D0                         2                1
  D1                         27               10
  D2                         17               25
  D3                         1                25
  Remnant tumor ^28)^                         
  R0, R1                     45               58
  R2                         2                3

Preoperative complications
--------------------------

Twenty-seven patients (25%) had preoperative cardiac complications (ischemic heart disease, 17 cases; arrhythmia, 7 cases; heart failure, 2 cases; and valve disease, 1 case). Other preoperative complications included hypertension (40 cases), diabetes mellitus (14 cases), and cerebral vascular ischemia (11 cases).

Mortality and morbidity
-----------------------

There were 8 deaths by 6 months after surgery. Of those 8 patients, 2 died of advanced stages of cancer (gastric cancer, n=1; colorectal cancer, n=1). Six patients died of other diseases (pneumonia (n=3), cardiac failure (n=1), and unknown causes (n=2)). Two of these patients died of postoperative complications in the hospital (cardiac failure and pneumonia, n=1 for each). There were no operative deaths. Thirty patients (27.9%) had major postoperative complications; delirium was the most frequent (12%), followed by respiratory failure (7%), anastomotic leakage (3%), surgical site infection (3%), and pneumonia (3%).

ADL
---

Twenty-nine percent of the patients had a Katz Index score during the first postoperative month that was lower than the preoperative level ([Fig. 3](#fig3){ref-type="fig"}). However, most patients recovered from this transient reduction in ADL. The percentage of patients showing a decline at POM (postoperative month) 6, measured by the Katz Index alone, was 6% ([Fig. 3](#fig3){ref-type="fig"}). The number of patients, however, who showed declines in any function evaluated at POM 6 was 12 (11%). Of these 12 patients, 11 did not have any complications or accidental events during the first 6 postoperative months, although one patient had cerebral hemorrhage. The patient with cerebral hemorrhage, however, was not included in the 6% of patients who showed a decline in function at POM 6 by the Katz Index alone.

![Postoperative change in ADL (Katz Index)](2186-3326-74-0241-g003){#fig3}

There were 3 representative declining patterns in the postoperative course of ADL. In pattern A, the ADL deteriorated immediately after surgery and remained low (or had some recovery but did not reach the preoperative level). In pattern B, the ADL fell immediately after surgery, recovered completely or almost completely to the preoperative level briefly, and was followed by a second decline after discharge from the hospital. In pattern C, the ADL did not decrease until discharge from the hospital. The proportions of patients showing patterns A, B, and C were 6%, 33%, and 61%, respectively. Overall, the ADL of elderly patients who showed declines in any function evaluated at POM 6 were likely to decrease after discharge from the hospital, regardless of whether they had a brief recovery from the initial drop or no decline at all during their hospital stay.

In comparing the two surgical scores, the --2 log-likelihood value with all the explanatory variables was 215.6 both for the POSSUM and E-PASS GEE models ([Table 3](#table3){ref-type="table"}). Among the other variables, the MMSE score correlated significantly with postoperative ADL declines in the POSSUM model. Parameters such as pathological stage, cancer site, age, gender, and presence of postoperative complications did not show significant correlation with postoperative ADL decline.

###### 

Predictive value of clinical factors for protracted decline in ADL: Results of GEE analyses

  -------------------- --------------------- --------------------- --------- ------------ ------------ ---------
                       [POSSUM model]{.ul}   [E-PASS model]{.ul}                                       
  Variables            Odds Ratio            95% CI                P value   Odds Ratio   95% CI       P value
  Surgical Score\*     1.1                   0.87--1.37            0.44      1.1          0.87--1.31   0.51
  Age                  1.1                   0.98--1.25            0.09      1.1          0.97--1.25   0.12
  Male                 1.3                   0.60--2.88            0.49      1.3          0.60--2.67   0.54
  Colon Cancer\*\*     1.3                   0.62--2.67            0.49      1.2          0.61--2.45   0.56
  MMSE                 0.9                   0.83--0.99            0.02      0.9          0.82--1.01   0.08
  Pathological Stage   1.2                   0.75--1.77            0.50      1.2          0.79--1.82   0.39
  --2 Log-Likelihood                         215.6                                        215.6        
  -------------------- --------------------- --------------------- --------- ------------ ------------ ---------

\* POSSUM and E-PASS CRS scores were included in two separate GEE model calculations

\*\* Colon Cancer/Gastric Cancer

QOL
---

The mean scores of the Physical Components Summary (PCS) and Mental Components Summary (MCS) of the SF-12 fell immediately after surgery, but recovered from a temporary decline to the preoperative level, or became even higher, in POM 3 to 6.

The average QOL scores of EQ5D measured before, immediately after, 3 months after, and 6 months after operation were 0.751, 0.751, 0.775, and 0.804, respectively. The average EQ5D score was significantly higher than the preoperative level at POM 6 (P\<0.005).

DISCUSSION
==========

In our previous study of patients 75 years of age or older, we determined that elderly patients frequently showed a transient decrease in ADL immediately after surgery. However, the ADL of most patients recovered after the transient postoperative decline, and there was no difference in the postoperative long-term ADL between patients with or without temporary postoperative disability. The number of patients showing declines in any ADL parameter at POM 6 was 21 (11%).^[@ref3])^

In the group of patients 80 years of age or older, the frequency of the transient decrease in ADL immediately following surgery was higher than in the 75-year-old-or-older group, but the frequency of decline in any ADL parameter at POM 6 was the same, 11%. These findings indicate that even when patients are 80 years of age or older, it is unlikely that they will develop a mid- to long-term decrease in ADL once they survive the perioperative period. The frequency of major postoperative complications was also almost the same in both patient groups, although the frequency of delirium was higher in the 80 or older group.

In both groups, most late-developing disabilities occurred after a transient recovery of certain aspects of function, sometimes during the follow-up period after discharge from the hospital. Since only 1 of the 12 patients showing protracted disability in the older group had complications or accidental events after discharge, lifestyle, lack of exercise, or less effective physical rehabilitation at home may be the major causes of their late decline in ADL.

In patients 75 years of age or older, age, gender, cancer stage, and increased POSSUM and E-PASS surgical scores were all significant risk factors for postoperative decline of Katz ADL Index.^[@ref3])^ In patients 80 years of age or older, however, these significant prognostic factors did not show any correlation with postoperative ADL decline. In patients 75--79 years of age, cancer stage and increased POSSUM and E-PASS surgical scores were significant risk factors for postoperative decline of Katz ADL Index; odds ratios of the cancer stage in the E-PASS model, POSSUM surgical scores and E-PASS surgical scores were 1.85 (P=0.004), 1.21 (P=0.024), and 1.48 (P\<0.001) respectively. It is considered that cancer stage and increased surgical scores, which are important factors for postoperative ADL decline in patients less than 79 years of age, do not need to be considered as much when patients exceed 80 years of age. In patients 80 years of age or older, correlation of age was not statistically significant, either. Deflection in age distribution (80--84 years / ≥85:71/37) may have been responsible for this result.

The MMSE score was the only prognostic predictor of protracted ADL decline. As for the patterns of ADL decline, ADL deteriorated after discharge from the hospital more frequently in patients 80 years of age or older (patterns A, B, and C were 6%, 33%, and 61%, respectively) than in patients 75--79 years of age (patterns A, B, and C were 14%, 46%, and 40%, respectively). Lack of exercise among elderly patients with low MMSE scores resulted from too much help available at home or in nursing facilities, and might have accelerated the decrease in ADL. This may indicate that postoperative patients 80 or older who show a low MMSE score preoperatively may be good candidates for more active and intensive rehabilitation support, including exercise at home, at outpatient clinics, or in nursing homes, to restore and stimulate their function after discharge.^[@ref18],[@ref19])^

Patients with advanced gastric or colorectal cancer can only be cured, or expect 5 years survival, by radical surgery, and an improvement in the post-surgery survival rate has been reported in recent years.^[@ref18]-[@ref21])^ Radical surgery was performed for 45 (96%) of gastric and 58 (95%) of colorectal cancer patients in the present study. Our results, showed no mortalities, confirming that radical surgery for gastric or colorectal cancer rarely results in death, even for elderly patients 80 or older. In addition, our data show that by POM 6, radical surgery is unlikely to decrease ADL, and is likely to improve QOL in most patients 80 years of age or older with gastric or colorectal cancer, as well as in the overall patient group 75 or older. This then indicates that patients 80 or older who are medically fit before surgery have little more risk than younger patients, and implies that other major gastroenterological surgeries accompanied by similar surgical stress can be applied to the elderly.

The results of the present study are evidence against "ageism" attitudes held by some medical professionals, and should encourage elderly patients and their families to accept radical surgical treatment for gastric or colorectal cancers.^[@ref4],\ [@ref5])^

There are some notable limitations to our study. Most of the participants had been referred to the surgery department for operation; and because the patients were advanced in age, physicians may have hesitated about referring them to surgery. A family doctor may look at the patient's state without conducting gastrointestinal investigations even if there are various symptoms, because of the patient's advanced age and poor general health condition. A study initiating at an early stage of the diagnosis may be necessary to reduce such a selection bias. Nevertheless, this study will be effective for determining the operative indication for doctors, patients, and their families referred to surgery at a point in time

This is a prospective study of the postoperative function of elderly patients after radical surgery for gastric and colorectal cancers in Japan. The patients were sequentially recruited and enrolled in the study from 29 different institutions; however, there were some characteristics of the study population that may reflect a silent selection process or geographical characteristics. The patients were of a shorter stature and their BMI measurements were mostly lower than the normal range of patients in the USA.^[@ref22])^ It was reported in a recent epidemiological study that patients who are obese face a much higher likelihood of very serious problems following surgery.^[@ref23])^ Although increased BMI was not a risk factor for mobility problems or protracted ADL decline in patients in either the 80 or older subset or the overall 75-year-old-or-older patient group (data not shown), it might be interesting and necessary to conduct a study of the same design in Western industrialized countries to answer the following question: "Should surgical treatment be offered to elderly patients 80 years of age or older with gastric or colorectal cancer, if the patient is not necessarily of short stature and/or low in BMI?" In these countries, the height and BMI of the same age population are expected to be higher than in Japan. Furthermore, our results may be a rationale for promoting patient education to avoid obesity in Japan and Western industrial countries as well.
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